To reduce the side effects of immune drugs and the sustainable release of immune drugs on local parts, we have designed an injectable thermal-sensitive hydrogel containing an imiquimod-loaded liposome system. In the extracellular environment of tumor tissues (pH 6.4), 50% of the drug was released from the carrier, which could be a result of the morphological changes of the liposomal microstructure in the acidic environment. According to the results in animals, the drug-containing liposomes combined with hydrogel can be effectively applied in breast cancer therapy to delay the growth of tumors as well as to dramatically reduce the death rate of mice.
Introduction
In 1893, it was proposed that the immune system could detect tumors and control their growth [1] . Since then, cancer immunotherapy has become a hot research field in cancer treatment. In recent years, patients with terminal cancers who underwent therapies that produced no effect were subjected to clinical immunotherapy. It was found that immunotherapy could indeed improve the survival rate of cancer patients. At present, imiquimod (IMQ) is used clinically to treat basal cell carcinoma. IMQ is an agonist of toll-like receptors (TLRs) and a derivative of the synthesized molecule, imidazoquinoline. In immunotherapy, IMQ can stimulate TLR7 and TLR8 on the surface of dendritic cells to make the cells express a high amount of cytokine and type I interferon, which then activate T cells and natural killer cells to perform immunotherapy [1] . In addition, macrophages can be activated by IMQ and become M1 macrophages [2] . While tumor tissues utilize M2 macrophages to repair tissues and facilitate growth, M1 macrophages can excrete TNF-α and a series of interleukins that lead to the death of cancer cells [3] . IMQ is an effective breast cancer immunotherapy drug that can be used in combination with radiation therapy to achieve a synergistic therapeutic effect. In the meantime, the low cost of IMQ may alleviate the burden of the high healthcare cost of immunotherapy. For patients with cancer, the systemic toxicity brought on by immunotherapeutic drugs is as serious as that of the chemotherapeutic drugs. It is thus very important to understand how to avoid the systemic damage caused by immunotherapeutic drugs and make them effective anticancer drugs through hydrogel topical delivery.
A hydrogel is constructed by a 3D network and soft matter with extremely high water content as well as a similar structure to human tissue. However, the properties of hydrogels are based on the regulation of physical and chemical crosslinks as desired for the development of smart hydrogels [4] . One approach to addressing this challenge is an in situ localized delivery system, loading the therapeutic agent in an injectable and biodegradable hydrogel. Though various polymer-based drug carriers have been used to promote the delivery of the drug to target tissues, the local treatment with hydrogel has significantly numerous advantages over the systemic administration and polymeric drug delivery. Local drug delivery based on the injectable hydrogels could control the delivery of sustained release as well as provide high drug concentration at the target site and minimal nonspecific distribution of drugs in normal organs [5] [6] [7] .
Among polymer-based carriers (micelles and liposomes), the liposome carrier features a relatively higher drug-loading capacity which may resolve the issue of poor drug delivery inside of the human body and increase the amount of drug accumulated in the tumor microenvironment. Liposome carriers can be incorporated with acidic, basic, or temperature-responsive functional groups [8, 9] , allowing the carried drug to be released in a specific environment, such as the mildly acidic environment (pH 6.5) of tumor tissues. To achieve a sustained and slow release of the drug carrier in the tumor microenvironment, in this study, the IMQ drugs were first incorporated in 1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine (DPPC) phospholipid liposomes, and after that, the drug carrier was incorporated in an amphipathic temperature-sensitive hydrogel, pluronic F127 (PF127). When the concentration of the PF127 aqueous solution is above the critical micelle concentration, this copolymer forms polymer micelles which can be used to embed drugs or contrast agents [10, 11] . Once the concentration exceeds the gel-forming concentration, the hydrogel would be formed for topical drug delivery application [12] . Both micelles and hydrogel are formed in a temperature-sensitive manner. At low temperatures, the polymer chain interacts with water molecules through hydrogen bonds and is soluble, whereas at high temperatures, hydrophobic segments gather to form micelles and a hydrogel [13] [14] [15] [16] . Therefore, by utilizing the high drug-loading capacity and the long-term and slow release properties of PF127, we hoped to achieve a sustained and slow release of immunotherapeutic drugs in the breast cancer tumor region and thus suppress the tumor's growth.
Materials and Methods

Materials
1,2-Dipalmitoyl-sn-glycero-3-phosphatidylcholine was purchased from Avanti®Polar Lipids, INC in Alabama, USA. Imiquimod (IMQ) was purchased from Alfa Aesar in Lancashire, England. Pluronic®F-127 was purchased from Sigma-Aldrich. Phosphate buffer solution (0.01M) (PBS) was prepared from the mixing of 137mM NaCl, 2.7 mM KCl, 10 mM Na 2 SO 4 , and 2 mM KH 2 PO 4 in the 800 mL distilled water and then tune the pH to 7.4 with HCl solution. All the salts used here were purchased from Sigma-Aldrich.
Liposome Preparation
1,2-Dipalmitoyl-sn-glycero-3-phosphatidylcholine and IMQ were dissolved in a methanol/dichloromethane solution, and the organic solvent was removed on a rotary evaporator to prepare the film. Phosphate buffer solution (PBS) was then added to perform hydration on a sonicator to form liposomes. Finally, the product was passed through a 0.22 µm membrane filter to obtain drug-containing liposomes. Unembedded drugs were removed by centrifugation (6000 rpm, 10 min) using a 3 kDa centrifugal concentrator.
Stability Analysis
The liposome solution was transferred into cuvettes after adjusting its pH to 7.4 and 6.5. Then the cuvettes were placed in a 37 • C microprogrammable shaking incubator under slow shaking. The particle size and size distribution were analyzed by dynamic light scattering at 0, 1, 3, 6, 12, 24, and 48 h, and the variation was calculated by dividing the particle diameter measured at different time points by that measured at 0 h. In addition, a small quantity of the sample was fixed onto a copper grid, stained with uranyl acetate, and analyzed by TEM for its morphology.
Exploration of Drug Release
The liposome solution was transferred into dialysis bags (molecule weight cut-off 6000~8000 Da) and then into sample bottles with PBS at different pH values. The sample bottles were then shaken at a constant speed in a 37 • C microprogrammable shaking incubator with the PBS solutions being replaced at 1, 3, 6, 12, 24, and 48 h. The solutions taken out were freeze-dried, dissolved in the methanol/dichloromethane solution, and analyzed in an ultraviolet/visible spectrophotometer at a wavelength of 246 nm.
Cell Test
Mouse breast cancer cells 4T1 were distributed in 96-well plates at a density of 2 × 10 4 cells/mL. After about 8 h, when the 4T1 cells attached, the culture medium was replaced with fresh medium containing drug carriers, and the (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) colorimetric assay was performed after 24 h.
Sol-Gel Transition Phase Diagram of PF127 Hydrogel
Different concentrations of PF127 aqueous solutions were prepared and placed in a 10 • C chilled water tank and the gel formation situation was recorded at every 2 • C increment and plotted in the diagram.
Rheological Measurements of Drug-Containing Liposomes Mixed with PF127
A rheometer was used to check the gel formation temperature of the drug-containing liposome-PF127 mixture. Due to its temperature-sensitive feature, the viscosity of PF127 may change with temperature. In our study, the solution was heated in a rheometer from 20 • C to 50 • C, and the viscosity changes were measured with the liquid being spun at a frequency of 0.1 (1/ms).
Animal Test
The mouse breast cancer 4T1 cell culture was adjusted to a density of 2 × 10 7 cells/mL and injected in the subcutaneous position of the mouse's second mammary gland using a 27G needle. The tumor growth situation was monitored every two days. After the tumor reached 1 cm 3 , the mice were divided into four groups, which were: (1) control, (2) in situ injection with hydrogel, (3) in situ injection with hydrogel combined with liposomes, and (4) intravenous injection with liposomes. The dosing concentration of IMQ was 0.83 mg/kg. After dosing, the tumor size and weight changes of each group were recorded every two to three days, and the test mice were sacrificed to obtain tumor tissues for analysis at the end of the test.
Results and Discussion
With respect to the nanoparticle carrier preparation, in this study, we successively applied thin-film preparation, hydration, and filtration techniques to prepare IMQ-containing liposomes. The basic properties of the prepared IMQ-containing liposomes were characterized using a particle-size analyzer. The particle size of IMQ-containing liposomes was approximately 96 nm, and the size distribution was 0.25. Although the acquired liposomes had a relatively wide size distribution, the particle size and distribution were still acceptable as the carrier did not accumulate at the tumor directly through blood circulation but had to be injected in situ in the tumor area in combination with hydrogel. On the other hand, the zeta potential of the liposomes was −6.25 mV as determined by a zeta potential analyzer. As a result, these liposomes could directly act on cancer cells after dissociation of hydrogel in the topical tumor environment. Furthermore, the drug content was identified to be 3.9 wt %.
In the next step, in order to understand liposome stability in the neutral environment of the human body and the acidic surroundings of the tumor microenvironment, this study tested the variation of particle size and size distribution of liposomes at pH 7.4 and pH 6.5. According to the results shown in Figure 1 , the particle size and size distribution of IMQ-containing liposomes did not undergo severe changes in either a neutral pH environment or a mildly acidic environment like that of tumors. Observations at Day 2 revealed that the particle size varied by 15% in the above-mentioned pH environments (from 100 nm to 85 nm), whereas the particle size distributions varied from 10% to 30%. The limited variations observed for particle size and size distribution were due to the weak negative charges on the nano-sized drug surface, which prevented liposomes from clustering and fusing. Further, according to the TEM images shown in Figure 2 , whether at 6 or 24 h, the liposomes maintained their lipid bilayer status in both pH 7.4 and pH 6.5 environments, and the particle size did not undergo great changes.
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Conclusions
By using the liposomes containing the immunotherapeutic anticancer drug imiquimod, this study explored the release of the drug in acidic and basic environments and analyzed the drug carrier (liposome) by mixing it with a temperature-sensitive hydrogel. At low temperatures, liposomes and temperature-sensitive polymers were in soluble forms; after the temperature increased to 37 °C, the liposome-temperature-sensitive-polymer water solution turned into a gel. By utilizing the temperature-sensitive gel-forming property, we injected this drug carrier in the proximity of the tumor tissues by in situ injection so as to achieve locoregional therapeutic specificity and reduced side effects on normal tissues. According to our findings, immunotherapeutic drug carriers have a better locoregional therapeutic effect than the traditional intravenous injection and thus present an alternative method for cancer therapy. 
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